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Program Structure and Goals

Focus of this talk Overall Program Structure

Goal A
By 2012, COE from large 
systems in Class 4 winds 
3 cents/kWh onshore or

5 cents/kWh offshore 

Goal C
By 2012, complete program 

activities addressing 
electric power
market rules, 

interconnection impacts, 
operating strategies, and 

system
planning needed for wind 

energy to compete without 
disadvantage to serve

the Nation's energy needs

Goal D
By 2010, at least 100 MW 

will be installed in 30 
states.

Program
Goals

Technology ApplicationTechnology Viability

Low Wind 
Speed

Technology

Systems
Integration

Distributed 
Wind

Technology

Technology
Acceptance

Goal B
By 2007, COE from distributed 

wind systems
10-15 cents/kWh

in Class 3

Supporting 
Research

and Testing

Supporting 
Engineering
and Analysis

Goal A
By 2012, COE from large 
systems in Class 4 winds 
3 cents/kWh onshore or

5 cents/kWh offshore 

Low Wind Speed
Technology

Primary Program Activities:
•Public/private partnerships

- Concepts
- Components
- Systems

Supporting Research
and Testing

Primary Program Activities:
•Enabling research
•Design Review and Analysis
•Testing Support



Two Elements of Low Wind Speed Technology
(LWST) Program Planning

Pathway(s) Analysis
• Characterization of Reference 

Turbine

• LWST Goals

• Technology Improvement 
Opportunities (TIOs)

• Wind Pathways (Monte Carlo) Model

Portfolio Assessment
• Annual Turbine Technology Update 

(ATTU)

• Yearly LWST (subcontract) Portfolio 
Assessment

• Yearly SR&T (lab) Portfolio 
Assessment



LWST Goals and Performance Tracking

Performance Measurement is a Four Step Process:

Step 1: Characterize Reference Technology
(COE in 2002) 

Step 2: Develop Goal (COE in 2012) 

Step 3: Identify ways to get to the goal

Step 4: Measure and Report Annual Progress
(COE Annually)



Step 1: Characterize Reference (2002) Technology

1.5 MW
70-m rotor diameter
Upwind
Blade pitch control

Reference Turbine is a composite:

From DOE-sponsored WindPACT 
studies (2002) and market data, 
based on 100 MW of installed 
experience

Levelized Cost of Energy of 
Reference (2002) Turbine: 4.8 cents/kWh

The “fine print”:
• In constant end-of-2002 dollars

• Class 4 winds (5.8 m/s average at 10 m)

• Assumes financing structures typical of GenCos (i.e., balance sheet financing)

• Detailed cash flow model used to calculate COE using assumptions for taxes, insurance, 
depreciation, cost of capital, financing fees, and construction financing

• 30-year project lifetime

• Caveat – uses a relatively high required rate of return compared to current market 
rates



Step 2: Develop Goal (2012)
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High Renewables

• Goal-setting is often a balance 
between identifying what is needed 
for success in the marketplace and 
what is technically possible

• An LWST goal of 3 cents/kWh was 
attractive:

• An additional 35 GW of wind by 
2020

• Expands resource base 20-fold

• Reduces average distance to 
load 5-fold

• However, the question remained –
is 3 cents/kWh possible? Blue area represents range of

EIA/AEO 2001 Renewables Cases



Step 3: Is 3 cents/kWh achievable in Class 4 winds?
Analysis Process

Step 1:  Identify a “menu” of Technology Improvement 
Opportunities (TIOs) that could lead to this improvement

Identify TIOs

Estimate TIO 
Effects

Step 2: Estimate the range of potential change in cost, 
performance, reliability, and O&M for each TIO category

Perform 
Analysis

Step 3: Run these through a turbine systems model (the 
“Pathways Model”) to assess impact on COE

Review 
Results

Step 4: Produce a curve of COE versus likelihood of 
achieving it. 

Data Sources
NREL/Sandia staff, WindPACT studies, Next Generation Turbine project, 

LWST proposals, in-house knowledge, etc.



Technology Improvement Opportunities (TIOs)

New Drive Train Concept TIOs
Permanent magnet generator

Innovative mechanical drives

Site-Specific Design/Reduced Design 
Margin TIOs

Improved definition of site characteristics

Design load tailoring

Micrositing

Favorable wind speed distributions and shear

Advanced (Enlarged) Rotor TIOs
Advanced materials

Changed/improved structural/aero design

Active controls

Passive controls

Higher tip speed ratios/lower acoustics

Manufacturing TIOs
Manufacturing methods

Lower margins

Manufacturing markups

Reduced Energy Losses and 
Increased Availability TIOs

Health monitoring (SCADA, etc.)

Blade soiling mitigation

Extended scheduled maintenance

Advanced Power Electronics TIOs
Incorporation of improved PE components

Advanced circuit topology

Learning Curve Effects
Market–driven cost reductions

Advanced Tower TIOs
New Materials

Innovative structures

Advanced foundations

Self-erecting designs



Initial Screening: Impact of TIOs on Elements of COE 

Incorporation of improved PE components

Micrositing

Favorable wind speed distributions and shear

Innovative mechanical drives

Self-erecting designs

Extended scheduled maintenance

Lower margins

Manufacturing markups

Changed/improved structural/aero design

Passive controls

Advanced Power Electronics

New Drive Train Concepts

Reduced Energy Losses and 
Increased Availability

Manufacturing

Higher tip speed ratios/lower acoustics

Advanced materials
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Impacts
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TIO Categories

Advanced (Enlarged) Rotor Active controls

Manufacturing methods

Health monitoring (SCADA, etc.)

Blade soiling mitigation

New Materials

Innovative structures
Advanced Tower

Advanced foundations

Improved definition of site characteristics

Design load tailoringSite-Specific Design/Reduced 
Design Margin

Permanent magnet generator

Advanced circuit topology

Learning Curve Effects Market-driven cost reductions



TIOs’ Potential for Improvement
(% change from reference turbine and probability of program success)

Capital Costs Annual Energy Production O&M Costs Reliability

Site-Specific Design/Reduced 
Design Margin TIOs

Advanced (Enlarged) Rotor TIOs

Reduced Energy Losses and 
Increased Availability TIOs

Advanced Tower TIOs

Manufacturing TIOs

New Drive Train Concept TIOs

Advanced Power Electronics TIOs

Learning Curve Effects
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Example: New Drive Train Concept TIOs

Capital Costs Annual Energy Production O&M Costs Reliability

+10 +20 +30-30% -20 -10 +40%0

Probability
of Occurring

Change in Value (%)

Most Likely Largest
Possible

Smallest
Possible

Probability
of OccurringThe Ranges for Each TIO 

Are Really Distributions 
of Impacts



Wind Technology Pathways Model
(A Monte-Carlo Wind Turbine Analysis Tool)

Total System

Aggregated Potential for Improvement (%)

+10+20+30-40 -30 -20 -10 +40

Total System Cost of Energy

Potential for COE Reduction (%)

-40 -30 -20 -10 0

Capital Costs Annual Energy Production O&M Costs Reliability

Site-Specific Design/Reduced Design 
Margin TIOs

Advanced (Enlarged) Rotor TIOs

Reduced Energy Losses and 
Increased Availability TIOs

Advanced Tower TIOs

Manufacturing TIOs

New Drive Train Concept TIOs

Advanced Power Electronics TIOs

Learning Curve Effects
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Total System Cost of Energy

The COE can be expressed as a Cumulative Probability 
Distribution, to quantify the certainty of the COE outcome

Potential COE Reduction (%)

-40 -30 -20 -10 0

3 cents/kWh

0.200

0.400

0.600

0.800

1.000

2.2 2.75 3.3 3.85 4.42.2 2.75 3.3 3.85 4.4

5% 90% 5%
2.56 3.63 

Mean=3.06

Distribution of COE
- Pathways Case/O40



Step 4: Reporting Annual Progress

Annual assessment of progress takes many forms:
• Annual Turbine Technology Update for LWST program

• Reporting for other program elements (DWT, Systems Integration, 
and Technology Acceptance)

• Milestone tracking – both at task level and programmatic level 

• Peer review process

• Government Performance and Results Act (GPRA) 



Annual LWST Portfolio Assessment Process 

Crosswalk SR&T 
subtasks and 

LWST subcontracts
to TIOs

Subcontracts 
and/or

Subtasks 
terminated

New SR&T 
opportunities 

identified

LWST S/C Portfolio

SR&T Portfolio

Subtask #2

Subtask #5

Subtask #6

Subtask #7

Identify progress achieved
in advance of

subcontract success

Identify contributions
to LWST

subcontracts’
TIO progress

Subtask #3

Subtask #1

Peer
Review

New LWST 
opportunities 

identified

LWST Subcontract
Portfolio

Identify new products
(systems or 

components) 

OR

Determine which 
milestones are 

complete

S/C #1

S/C #2

S/C #n

Perform Annual 
Turbine Technology 

Update

Portfolio
Balancing

Reporting



Tracking COE Progress:
the “Annual Turbine Technology Update”

The Annual Turbine Technology Update is the 
Program’s formal process for reporting 

LWST progress

• In some years, the Program may actually have a new turbine to point to 
for the Annual Turbine Technology Update process

• In other years, may have to build a “virtual turbine” based on component 
progress, interim prototype progress, SR&T progress, etc. 

• Expert judgment required; program will draw on an expert panel for 
evaluation



LWST Program Performance Reporting 
(Status as of end of 2004)

Cost of Energy (cents/kWh)
(End of year, at Class 4 sites, levelized in 2002$)

• In 2002, LWST program 
postulated a COE trajectory 
that would lead to the goal

• The program must track and 
report annual progress 
against that trajectory

5.5

3.0

(in cents/kWh)

LWST Project Targets

ATTU

*ATTU Reference Turbine

5.0

4.5

2012

3.0

2004

4.6

4.4

4.3

2006

4.0 3.7

2008

3.5 3.3

2010

3.2 3.1

2002

5.5

4.8*

Program Onshore
COE Goal

Annual COE Target
Annual COE Achieved
LWST Baseline



The 2003 “Annual Turbine Technology Update”

• For 2003, program had a new turbine
-- a 70-m diameter design that evolved to 77 m

• This results in a levelized COE of 4.5 cents/kWh (2002$) –
a 0.3 cent/kWh reduction from the reference turbine

The Advanced Rotor TIO was primary 
contributor to COE reduction in 
FY2003; others contributed less

Site-Specific Design/Reduced Design Margin

Learning Curve Effects
Advanced Power Electronics
New Drive Train Concept

Advanced Tower
Reduced Energy Losses and Increased Availability
Manufacturing
Advanced (Enlarged) Rotor
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The 2004 “Annual Turbine Technology Update”

• In 2004, there were no new turbine systems to 
point to

• Program used “virtual turbine” process where 
on-going LWST subcontracts were examined for 
their progress in meeting their individual TIO 
potential

• A small COE reduction of 0.1 cents/kWh was 
inferred from the year’s activities



Virtual Turbine Process for
the “Annual Turbine Technology Update”

X
S/C COE 

Projections
S/C TIO 

Allocations
S/C Maturity 

Weight
S/C Work 
Progress

S/C N
S/C 3

S/C 2
S/C 1

S/C N
S/C 3

S/C 2
S/C 1

S/C N
S/C 3

S/C 2
S/C 1

S/C N
S/C 3

S/C 2
S/C 1

• Each subcontract
projects a COE
improvement

• Stage gate 
progress of each  
subcontract is 
assessed

• Conceptual 
designs are 
weighted less 
than prototypes

• A project’s COE 
reduction can be 
from more than 
one TIO

X X

TCC BOS LRC O&M AEP
TIO 1
TIO 2
TIO 3
TIO 4
TIO 5
TIO 6
TIO 7
TIO 8

Annual
COE

Reduction 
Achieved

Percent

Improvements



Details on Virtual Turbine Process for
the “Annual Turbine Technology Update”

Stage Gate Process Assessment Weighted Value of Effort
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2003 Wind Program Portfolio Assessment

High H

Moderate M

Low

3 3 2
5 5 1
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Advanced materials M H H
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Higher tip speed ratios/lower acoustics M H H H H M H M

Manufacturing methods H H M
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Health monitoring (SCADA, etc) M M

Blade soiling mitigation H

Extended scheduled maintenance M

New Materials M
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Design load tailoring H H H
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Process is Now Being Used

• Fully integrate portfolio assessment and progress reporting into
wind program management cycle

Program
Implementation

Meeting
(November)

EERE
Guidance

Stakeholder/Peer
Input

October

Program Assessment/
Response

January April July

1st Q 2nd Q 3rd Q 4th Q

Strategic
Planning
Meeting

(February)

Program & 
Peer Review

Meeting
(May)

Expert
Review?Analysis of current year activities

Draft
Report

Final
Report

Expert
Review

Draft
Report

Final
Report ATTU

Portfolio Assessment

Advanced Turbine
Technology Update (ATTU)

Analysis of prior year progress



Wind Energy Program Multi Year Program Plan: 2005-2010
1. Introduction

2. Background

3. Program Goals, Planning, and Evaluation

• Vision

• Goals and Objectives

• Wind Program Mission and Goals

• Strategic Planning

4. Technical Plan Overview

5. Technology Viability

• Low Wind Speed Technology (LWST)

- Goal

- Technical Challenges 

- Technical Approach

- Research Activities

- Milestones

• Distributed Wind Technology (DWT)

• Supporting Research and Testing (SR&T)

6. Technology Application

• Systems Integration (SI)

• Technology Acceptance (TA)

• Supporting Engineering and Analysis (SE&A)

Appendix A: Wind Research Portfolio Evaluation



What Does the Future Hold for Performance Tracking?

• PERI is working with EERE management staff (the Wind 
Program’s “front office”) to enhance the TIO uncertainty 
analysis process and adapt it for use in its other programs

• We are working to produce detailed documentation of the 
wind program’s COE methods and of how program COEs 
relate to industry COEs  

• We are preparing a series of reports on the wind Technology 
Characterization work

• We are working with NREL to better understand the national 
and regional benefits of deep-water offshore deployment 
and of ways to include offshore in the National Energy 
Modeling System (NEMS)


